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Description 



Technical Field 

This Invention relates to a valve assembly for 
determining air flow to an internal combustion 
engine and to a method of machining a valve bore 
for such a valve assembly. 

Background 

Electronic control of an automotive internal 
combustion engine frequently requires measure- 
ment or calculation of the air flow to the engine. 
For many engines, such air flow is determined by 
a rotatabte valve disposed in the engine air induc- 
tion passage. In some applications the valve is a 
throttle valve which is positioned by an operator 
to determine or control air flow to the engine. In 
other applications the valve is an air valve the 
position of which is regulated to determine or 
measure air flow to the engine. With either type of 
valve, air flow to the engine varies as a function of 
the air flow area around the valve and the 
pressure difference across the valve. 

Because the air flow area around such a valve is 
geometrically related to the position of the valve, 
valve position Is often sensed as a basis for 
measuring or calculating air flow to the engine. In 
a conventional induction air flow valve assembly, 
however, the change in the air flow area around 
the valve for a selected rotation of the valve is 
much greater when the valve is near Its minimum 
air flow position than when the valve is near Its 
maximum air flow position, and calibration of the 
valve position sensor is thereby complicated. 
Structures which would offer a relatively low 
normalized change in the air flow area around the 
valve have required manufacturing techniques 
which, at least in some cases, have not been com- 
patible with the flat butterfly valve conventionally 
used to determine air flow to internal combustion 
engines. 

Summary of the Invention 

This invention provides a valve assembly which 
offers a relatively low normalized change in the 
air flow area around a flat butterfly valve and 
which may be simply manufactured. This Inven- 
tion further provides a method of machining a 
valve bore for such a valve assembly. 

In a valve assembly according to this invention, 
a flat butterfly valve is disposed on a shaft in a 
circular induction passage bore which has two 
undercut recesses located on opposite sides of 
the valve shaft;. the portions of the bore that are 
upstream and downstream of the valve shaft are 
concentric with one another, and the butterfly 
valve has a peripheral configuration substantially 
defined by the Intersection of a right circular 
cylinder and a plane which is oblique with respect 
to a plane perpendicular to the cylinder axis; each 
of the recesses has a radius in a plane perpen- 
dicular to the axis of the bore substantially equal 
to the radius of the bore, and each of the recesses 
has a radius in a plane through the axis of the 
bore exceeding the radius of the bore; one of the 



recesses has its deepest portion slightly upstream 
of the valve shaft, and the other of the recesses 
has its deepest portion slightly downstream of the 
valve shaft; the valve rotates in excess of 90° 

s between a position providing a minimum air flow 
area around the valve and a position providing a 
maximum air flow area around the valve, and the 
valve assembly offers a relatively low normalized 
change in the air flow area around the valve. The 

w valve determines air flow through the bore to the 
engine and may be used either as a throttle valve 
to control air flow to the engine or as an air valve 
to measure air flow to the engine. 
The bore In such a valve assembly according to 

is this invention is machined by a tool having a 
diameter substantially equal to the diameter of 
the bore and an arcuate cutting surface having a 
radius of curvature exceeding the radius of the 
bore. A suitable machining technique for forming 
20 the undercut recesses in the bore is disclosed in 
US — A — 2 389 201. At one location along the 
bore, the machining tool Is transversed laterally 
toward one side of the bore to form one of the 
undercut recesses in the bore, and at another 
25 location along the bore, the machining tool is 
transversed laterally toward the opposite side of 
the bore to form the other undercut recess in the 
bore. 

The details as well as other features and advan- 
ce tages of a preferred embodiment of this invention 
are set forth In the remainder of the specification 
and are shown in the accompanying drawing. 

Summary of the Drawing 
35 Figure 1 is a sectional elevational view of a 
valve assembly made according to this invention 
showing the relationship of the valve and two 
undercut recesses in the valve bore; 
Figure 2 is a top plan view of the Figure 1. 
40 assembly showing the undercut recesses with 
broken lines; 

Figure 3 is an elevational view of a tool em- 
ployed to machine the bore; and 
Figure 4 is an end view of the tool shown in 
45 Figure 3. 

The Preferred Embodiment 

Referring to the drawing, a valve assembly 10 
includes a valve body 12 having a circular bore 14 

so forming an induction passage for air flow to an 
internal combustion engine. A valve shaft 16 is 
mounted in body 12 and extends diametrically 
across bore 14. A flat butterfly valve 18 Is secured 
to shaft 16. Valve 18 has a generally oblong 

'55 peripheral configuration preferably defined by the 
intersection of a right circular cylinder and a plane 
which is oblique with respect to a plane perpen- 
dicular to the cylinder axis. Rotation of valve 18 
and shaft 16 varies the air flow area around valve 

60 18 to determine .the air flow through bore 14. 

Undercut recesses 20 and 22 are formed in bore 
14 on opposite sides of shaft 16. Recesses 20 and 
22 are formed by a machining tool 24 having a 
diameter D. equal to the diameter of bore 14 and 

65 Including a plurality of arcuate cutting edges 26 
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having a radius of curvature R exceeding the 
radius of bore 14. Machining tool 24 is Inserted in 
bore 14 along the axis 28 and, at a location 30 
along axis 28, is traversed laterally along a line 32 
toward one side of bore 14 to form recess 20. At 
another location 34 along axis 28, machining tool 
24 is traversed laterally along a line 36 toward the 
opposite side of bore 14 to machine recess 22. 

Machining tool 24 thus forms undercut re- 
cesses 20 and 22 on opposite sides of shaft 16 
with the deepest portion 38 of recess 20 being 
slightly upstream of shaft 16 and with the deepest 
portion 40 of recess 22 being slightly downstream 
of shaft 16. The radius of each of the recesses 20 
and 22 in a plane perpendicular to axis 28 is sub- 
stantially equal to the radius of bore 14, and the 
radius of recesses 20 and 22 in a plane through 
axis 28 exceeds the radius of bore 14. 

Valve 18 extends into recesses 20 and 22 as 
shown In Figure 1 to establish a minimum airflow 
area around valve 18. As shown by the arcuate 
arrows 42, valve 18 rotates in excess of 90°, and 
preferably up to 105°— 120°, between the position 
providing the minimum air flow area around 
valve 18 and a position providing a maximum air 
flow area around valve 18. 

With this construction, rotation of shaft 16 and 
valve 18 offers a relatively low normalized change 
in the air flow area around valve 18. The nor- 
malized change In the air flow area around valve 
18 may be expressed as dA/Ad6, where A re- 
presents the air flow area around valve 18, dA 
represents the change In the air flow area around 
valve 18, and d8 represents the rotation or change 
in position of shaft 16 and valve 18. We believe 
dA/Ade should be less than 0.06, and with this 
construction we have limited dA/Ad8 to no more 
than 0.048. We believe that dA/Ad6 could be 
optimized at a maximum of about 0.038. 

As noted above, valve 18 may be employed as 
an operator-positioned throttle valve to control air 
flow through Induction passage 14. In other ap- 
plications, valve 18 may be employed as an air 
valve which is positioned to maintain a constant 
pressure difference across the valve and thereby 
provide a measure of the airflow through Induc- 
tion passage 14. In either application, the rela- 
tively low normalized change in the air flow area 
around valve 18 will permit simplified calibration 
of a valve position sensor intended for use in an 
electronic engine control system. 

As shown in Figures 1 — 2, shaft 16 extends 
diametrically across bore 14. In some appli- 
cations, however, the valve shaft does not extend 
diametrically across the valve bore but instead is 
offset toward one side of the bore. Such a struc- 
ture requires fiats on the edges of the valve 
adjacent the ends of the shaft to prevent binding 
of the valve In the bore, and the resulting gap 
between the flattened edges of the valve and the 
valve bore provides an air flow path which varies 
the relationship between the air flow area around 
the valve and the position of the valve. The 
diameter of the valve shaft may be enlarged to at 
least partially fill the gap, and it should be 



appreciated that the additional air flow area of 
recesses 20 and 22 included in the present con- 
struction allows enlargement of valve shaft 16 to 
fill such a gap without restricting the maximum 
s flow area of bore 14. 

Claims 

1. A valve assembly (10) for determining air 
10 flow to an internal combustion engine, said 

assembly comprising a valve body (12) having a 
bore (14) forming an induction passage for air 
flow to the engine, said bore (14) having a 
generally circular cross section, a rotatable valve 

is shaft (16) extending across said bore (14), and a 
flat' butterfly valve member (18) secured to said 
shaft (16), said valve member (18) being rotatable 
with said shaft (16) for varying the air flow area 
about said valve member (18) to determine the air 

20 flow through said bore (14), said bore (14) having 
two undercut recesses (20, 22) located on oppo- 
site sides of said shaft (16), one (20) of said 
recesses having its deepest portion (38) slightly 
upstream of said shaft (16) and the other (22) of 

25 said recesses having its deepest portion (40) 
slightly downstream of said shaft (16), and said 
valve member (18) extending into said recesses 
(20, 22) to establish a minimum air flow area 
around said valve member (18), characterised in 

30 that the portions of the bore (14) that are up- 
stream and downstream of said valve shaft are 
concentric with one another; said valve member 
(18) has a peripheral configuration substantially 
defined by the intersection of a right circular 

35 cylinder and a plane which is oblique with respect 
to a plane perpendicular to the cylinder axis; each 
of said recesses (20, 22) has a radius in a plane 
perpendicular to the axis (28) of said bore (14) that 
is substantially equal to the radius of said bore 

40 (14); each of said recesses (20, 22) has a radius (R) 
in a plane through the axis (28) of said bore (14) 
exceeding the radius of said bore (14); and said 
valve member (18) rotates in excess of 90° be- 
tween the position providing the minimum air 

45 flow area around said valve member and a posi- 
tion providing a maximum air flow area around 
said valve member; so that, during rotation, said 
valve member (18) offers a relatively low change 
in the air flow area around said valve member 

50 (18). 

2. A valve assembly according to claim 1, 
characterised in that the assembly is a throttle 
valve assembly (10) for controlling air flow to the 
internal combustion engine. 

55 3. A valve assembly according to claim 1, 
characterised in that the assembly is an air valve 
assembly for measuring air flow to the Internal 
combustion engine. 
4. A method of making a vaive assembly (10) 

60 according to claim 1, in which the method in- 
cludes the steps of: inserting a machining tool 
(24) in said bore (14), said tool (24) having a 
diameter substantially equal to the diameter of 
said bore (14); at one location (30) along said bore 

65 (14), traversing said tool (24) laterally towards one 
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side of said bore (14) to form an undercut recess 
(20) in said bore; and, at another location (34) 
along said bore (14), traversing said tool (24) 
laterally towards the srde of said bore (14) oppo- 
site said one side to form another undercut recess s 
(22) In said bore; characterised in that said. tool 
(24) includes an arcuate cutting edge (26) having a 
radius of curvature (R) exceeding the radius of 
said bore (14), and the undercut recesses (20, 22) 
are positioned either side of said rotatabie shaft w 
(16) with the radius of each of the recesses (20, 22) 
being substantially equal to the radius of the bore 
(14) in a plane perpendicular to the bore axis (28) 
and exceeding tha radius of the bore (14) in a 
plane extending through the bore axis (28), so 15 
that when the rotatabie butterfly valve member 
(18) is disposed in said bore and extends Into said 
recesses (20, 22), It can rotate in excess of 90° 
between the position providing the minimum 
flow area around said valve member and the 20 
position providing the maximum flow area 
around said valve member. 

Paterrtansprucho 

25 

1. VentHanordnung (10) zur Bestimmung von 
Luftstrdmung zu elner Brennkraftmaschine, 
wobei die Anordnung ein Ventilgehause (12) mit 
elner Bohrung (14) umfaBt, die einen Einfuhr- 
durchlaB fOr Luftstrdmung zu der Maschine bil- 30 
det, wobei die Bohrung (14) einen allgemem 
kreisformigen Querschnitt besitzt, eine drehbare 
Ventilwelle (16) sich querdurch die Bohrung (14} 
erstreckt und ein flaches Klappenventilglled (18) 
an der Welle (16) befestigt ist, wobei das Ventil- 36 
glied (18) mit der Welle (16) drehbar ist zum 
Vera*ndern der Luftstrdmungsf la*chen um das 
Ventilglied (18) zur Bestimmung der Luft- 
strdmung durch die Bohrung (14), wobei die Boh- 
rung (14) zwei eingeschnittene Vertiefungen (20, 40 
22) besitzt, die an entgegengesetzt liegenden 
Seiten zur Welle (16) liegen, eine (20) der Vertie- 
fungen ihren tiefsten Abschnltt (38) leicht In 
Zustromrichtung vor der Welle (16) und die ande- 
re (22) Vertiefung Ihren tiefsten Abschnitt (40) 45 
leicht in Strdmungsrichtung nach der Welle (16) 
besitzt, wobei das Ventilglied (18) sich in die 
Vertiefungen (20, 22) erstreqkt, um eine Minimal- 
Luftstrdmungsflache um das Ventilglied (18) zu 
bestimmen, dadurch gekennzeichnet, daB die Ab- so 
schnitte der Bohrung (14), die in Strdmungsrich- 
tung vor und nach der Ventilwelle liegen, konzen- 
trlsch zueinander sind; daft das Ventilglied (18) 
eine Umfangsgestalt besitzt die im wesentlichen 
durch eine Uberschn_eidung eines geraden Kreis- 55 
zylinders mit elner Ebene bestimmt ist, die bezQg- 
lich einer zur Zylinderachse senkrechten Ebene 
schief liegt; daB jeder Vertiefung (20, 22) einen 
Radius in einer zur Achse (28) der Bohrung (14) 
senkrechten Ebene besitzt, der im wesentlichen 60 
gleich dem Radius der' Bohrung (14) ist; daft jede 
Vertiefung (20, 22) einen Radius (R) in einer Ebene 
durch die Achse (28) der Bohrung (14) besitzt, der 
den Radius der Bohrung (14) ubertrifft; und daB 
das Ventilglied (,18) zwischen der die minimale 65 
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Luftstrdmungsflache Um das Ventilglied schaff en- 
den Stellung und einer eine maxim ale Luft- 
strdmungsflache um das Ventilglied schaffenden 
pi 3 c he sich mehr als 90° dreht; so daB wShrend 
der Orehung das Ventilglied (18) eine reiatlv 
geringe Anderung.der Luftstromflache um das 
Ventilglied (18) anbietet. 

2. VentHanordnung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Anordnung eine Drossel- 
ventilanordnung (10) zum Steuern der Luft- 
strdmung zu der Brennkraftmaschine ist 

3. VentHanordnung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Anordnung eine Luft- 
ventilanordnung zum Messen vo.n Luftstrdmung 
zur Brennkraftmaschine ist. 

4. Verfahren zur Herstellung elner Ventilanord- 
nung (10) nach Anspruch 1, wobei das Verfahren 
die Schritte enthalt: Einsetzen eines Bearbei- 
tungswerkzeuges (24) In die Bohrung (14), wobei 
das Werkzeug (24) einen im wesentlichen dem 
Durchmesser der Bohrung (14) gleichen- Durch- 
messer besitzt; seitliches Verfahren des Werk- 
zeuges (24) zu einer Seite der Bohrung (14) hin, an 
einer Stelle (30) langs der Bohrung (14), zur 
Bildung einer eingeschnittenen Vertiefung (20) in 
der Bohrung; und seitliches Verfahren des Werk- 
zeuges (24) zu der der einen Seite gegenGber- 
liegenden Seite der Bohrung an einer anderen 
Stelle (34) langs der Bohrung (14) zur Ausblldung 
einer anderen eingeschnittenen Vertiefung (22) in 
der Bohrung; dadurch gekennzeichnet, daB das 
Werkzeug (24) eine gekrummte Schneidkante (26) 
mit einem KrOmmungsradius (R) besitzt, der den 
Radius der Bohrung (14) Qbertrifft, und daB die 
eingeschnittenen Vertiefungen (20, 22) zu beiden 
Seiten der drehbaren Welle (16) angeordnet sind, 
wobei der Radius jeder Vertiefung (20, 22) in einer 
Ebene senkrecht zur Bohrungsachse (28) gleich 
dem Radius der Bohrung (14) ist und in einer sich 
durch die Bohrungsachse (28) erstreckenden Ebe- 
ne den Radius der Bohrung (14) abertrifft, so daB, 
wenn das drehbare Klappenventilglled (18) In die 
Bohrung eingesetzt ist und sich in die Vertie- 
fungen (20, 22) erstreckt, es sich mehr als 90° 
zwischen der Stellung, die die minimale Strd- 
mungsffache um das Ventilglied schafft, und der 
Stellung, die die maximale StrdmungsflSche um 
das Ventilglied schafft, drehen kann. 

Revendications 

1. D6bftmetre a obturateur (10) destine a etablir 
le d6bit d'alr se dirigeant vers un moteur a com- 
bustion interne, qui comprend un corps (12) ou 
est menage un alesage (14) formant une conduite 
d'admission pour I'ecoulement de I'alr vers le 
moteur et presentant une section de forme gene- 
rale circulate, unarbre d'obturateur tournant (16) 
qui s'eiend a travers cet alesage (14), et un 
obturateur papillon plat (18) fixe a I'arbre (16) et 
solidaire en rotation de ce dernier pour faire 
verier la section de passage d'air autour de 
I'obturateur (18) pour fixer le debit d'air s'ecou- 
lant dans I'alesage (14), qui est creuse de deux 
evidements en contre-depouflle (20, 22) placode 
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part et d'autre de I'arbre (16) de manidre que I'un 
(20) d'eux ait sa partie la plus profonde (18) en 
peu en amont de I'arbre (16) et I'autre (22), sa 
partie la plus profonde (40) un peu en aval de 
celul-cl et de manlere que I'obturateur (18) pene- 
tre dans ces evidements (20, 22) pour etablir une 
section de passage d'air minlmale autour de lui et 
qu! est caracterfsS en ce que les parties de 
I'alesage (14) qui se trouvent en amount et en aval 
de I'arbre sont coaxiales entre elles, en ce que 
I'obturateur (18) possede une configuration 
perlphe>ique pratiquement ddffnie par I'inter- 
section d'un cylindre droit a base clrculalre et 
d'un plan qui est oblique par rapport a un plan 
perpendiculaire a I'axe du cylindre; en ce que 
chacun de ces evidements (20, 22) possede un 
rayon mesur6 dans un plan perpendiculaire a 
I'axe (28) de I'alesage (14) qui est 6gal au rayon de 
I'alesage (14); en ce que chacun de ces evide- 
ments (20, 22) possede un rayon (R) mesurS dans 
un plan qui passe par I'axe (28) de I'alesage (14), 
supeVieur au rayon de I'alesage (14); et en ce que 
cet obturateur (18) bascule de plus de 90° entre la 
position qui etablit la section de passage d'air 
minimale autour de I'obturateur et une position 
qui etablit une section de passage d'air maximale 
autour de i'obturateur de sorte que, pendant sa 
rotation, I'obturateur (18) offre une variation 
relativement faible de la section de passage d'air 
autour de lui. 

2. D6bitmetre a obturateur selon la revendica- . 
tion 1, caracte>is6 en ce que le dgbitmetre est a 
obturateur papillon (10) pour commander 
I'ecoulement d'air se dirigeant vers un moteur a 
combustion interne. 



3. Debltmetre a obturateur selon la revendlca- 
tion 1, characterise en ce que le ddbitmetre est 
destine a mesurer I'ecoulement d'air se dirigeant 
vers un moteur a combustion interne. 

5 4. ProcSdd de fabrication d'un ddbitmetre a 

obturateur (10) selon la revendicatlon 1, qui com- 
prend les phases consistant a infroduire un outil 
d'usinage (24) dans I'alesage (14) qui presente un 
diametre egal au diametre de I'alesage (14); en un 

w point (30) situe" sur I'axe de I'alesage (14), de* pla- 
cer I'outll (24) late>alement vers un premier cdte 
de I'aldsage (14) pour creuser un eVidement en 
contre-dSpouille (20) dans I'alesage et, en un 
autre point (34) de I'axe de I'alesage (14), deplacer 

is cet outil (24) lateralement vers le cdt£ de I'alesage 
(14) qui est a I'opposS de ce premier c6t6 pour 
creuser un autre evi dement en contre-depouille 
(22) dans I'alesage, caracterise en ce que cet outil 
(24) presente une arete de coupe courbe (26) 

20 ayant un rayon de courbure (R) supe>ieur au 
rayon de I'alesage (14), et en ce que les evide- 
ments en contre-depouille (20, 22) sont posi- 
tionn6s sur les deux cdtes de I'arbre tournant (16), 
le rayon de chacun des evidements (20, 22) etant 

25 egal au rayon de I'alesage (14) mesurd dans un 
plan perpendiculaire a I'axe (28) de I'alesage et 
6tant superieur au rayon de I'alesage (14) dans un 
plan qui passe par I'axe (28) de I'alesage, de sorte 
que, lorsque I'obturateur papillon (18) est placd 

30 dans cet alesage et p6netre dans ces evidements 
(20, 22), il peut tourner de plus de 90° entre la 
position qui etablit la section de passage mini- 
male autour de I'obturateur et la position qui 
etablit la section de passage maximale autour de 

35 cet obturateur. 
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